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Introduction
The Schiff base ligands proved to be an important class of the chelating agents as far as the coordination chemistry is concerned, and this is mainly due to their easy synthesis, electronic properties and the tendency to form stable complexes with most of the transition metals [1-4]. These properties attract a large number of applications like those involved in the analytical chemistry field Colorimetric sensors have attracted much attention to allow a "naked-eye" detection in an uncomplicated and an inexpensive manner so as to offer qualitative and quantitative information.
During the last couple of decades, there have been numerous works which focused on the design and the synthesis of the artificial receptors based on this kind of Schiff base chelates [10] . The aim was to detect selectively and efficiently diverse cations or anions [11, 12] . In fact, the colorimetric chemosensors of cations can be generated basically through the right combination of a receptor and a chromophore. Consequently, these chemosensors have been widely investigated for their fundamental role in environmental, analytical and biological applications [13] [14] [15] . As a consequence, the designing and the synthesizing chemosensors that can detect certain metal ions such as the bivalent ones : Ni 2+ , Cu 2+ , Mg 2+ , Hg 2+ , Mn 2+ , Co 2+ [16] [17] [18] [19] [20] [21] , or the trivalent cations such as Fe 3+ , Mn 3+ and Al 3+ [22, 23] with high selectivity and sensitivity were induced by most studies in the literature.
This research attracts both university and industry researchers.
The coordination chemistry of metal(II) complexes via the use of the bidentate Schiff base ligands has been thoroughly investigated during the last years, especially in the oxidation reactions [24] . It has always been a subject of considerable attention due to its various properties. A large number of copper complexes with such ligands has been prepared and characterized for their involvement in several applications [25] .
Therefore, in the present work, we report the synthesis and isolation of novel mononuclear metal(II) complexes that werederived from a bidentate Schiff base ligand. These compounds have been characterized by 1 Co 2+ and Cu 2+ , Fe 3+ and Fe 2+ . Furthermore, the cyclic voltammetric behavior has also been reported and discussed using two different working electrodes in two different media. The synthetic route of the Schiff base precursor (HL) and its Cu(II), Fe(II) and Co(II) Schiff base complexes is outlined in the following Scheme 1. 
Synthesis of the cobalt(II)-, copper(II)-and iron(II)-Schiff base complexes
Cobalt(II), copper(II) and iron(II) complexes were prepared by the same method. To a hot solution of 1 mmol of the appropriate acetate metal salt in 10 mL of methanol was slowly added under stirring to a solution of 2 mmol of HL dissolved 10 mL of methanol. This mixture was heated to reflux with stirring for 4 hours. The resulting metal (II) complex was isolated by a simple addition of petroleum ether that led to the formation of precipitate which can easily be recovered by filtration.
After that, this complex was washed with small portions of cold methanol, and then with 
Spectroscopic properties  FT-IR spectra
The bonding modes of the coordinated ligand with the metal ions were discussed and elucidated by comparison of FT-IR spectrum of the ligand (HL) with its metal complexes. As a
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6 consequence, the FT-IR spectrum of this ligand exhibits three characteristic absorption bands. The first one as a broad band centered at 3450 cm -1 that attributed to the ν (OH) stretching vibration as the main characteristic bands. A strong and sharp band is also observed at 1644 cm -1 , which is assigned to ν (C=N) azomethine groups, while the last one, appears as stronger band at 1247 cm -1 is attributed to the ν(C-O) ( Fig. S1) to be very stable corresponding to a base peak.
The [Cu II (L) 2 ] complex displayed also its molecular peak as ratio m/z 576.0 confirming the proposed molecular structure of the copper complex. Since the same ligand (L + ) is coordinated to the both complexes cobalt and copper, their fragmentation process let appear a peak with m/z 258.1
(100%) behaving also as base peak for the fragmentation pathway of the copper complex. Similar
7 results were also observed in the mass spectrum of the iron complex with its molecular peak at m/z 568.1 (86.5%) and the base peak at m/z 258.1 (100%). The resulting entities with this complex generate as well another peak m/z 122.0 suggesting the existence of similarities in both fragmentation modes as above observed for copper and cobalt complexes ( Fig. S2) .
 Electronic spectra
The electronic spectra of HL and its metal complexes were recorded using freshly prepared DMF solutions with 10 -5 M of solute ( Fig. 1) . The main results obtained on their spectra are given below:  For the UV-Vis spectrum of the cobalt complex, three bands were observed. The first and the second, appearing respectively at 282 and 320 nm, are attributed to the electronic transitions π-π* and n-π* of the ligand as reported in the literature [33] . Whereas the third, located at 472 nm, it corresponds to the "soret band" commonly assigned to the interactions ligand-metal (CTLM) [34] expressing the charge transfer between ligand (L -) and Co(II) ion.
 As for the absorption bands of π-π* (282 nm) and n-π* (382 nm) above mentioned for the ligand (HL), they were also observed at higher wavelengths suggesting a bathochromic effect as above noted for copper complex. This characteristic may be considered as a confirmation for the coordination of copper ion to the nitrogen atom of the azomethine groups.
 Regarding the spectrum of iron complex, it displays its main bands between 300 and 550 nm. The values of the wavelengths, their intensities with their shape depend on the molecular structure of the studied compound and the nature of the used solvent. These changes reflect the physical interactions between molecules of solute and solvent that modify the energy difference (∆E=hν)
between an excited and ground states. Accordingly, the remarkable change of the UV-Vis absorption can be induced by using different solvents and therefore, this may be considered as a solvatochromism phenomenon. Consequently, in order to explore the solvatochromism properties for our ligand with its copper and iron complexes. Their UV-Vis spectra were recorded in diverse media by using different solvents as methanol, acetonitrile, tetrahydrofuran, dimethylformamid, dimethylsulfoxid and dichloromethane (Fig. S3) . The main differences resulting in the absorption maxima for our receptor ligand in various solvents are imputable to the nature of chromophores associated to their different polarities as summarized in Table S1 . So, it can be concluded that the increase of the polarity of solvents induces neat shifts of the band maxima to higher energies. This is a characteristic of a polar ground state compared to a non-polar excited state [36].
Electrochemical properties
The cyclic voltametric studies of the Co(II), Cu(II) and Fe(II) complexes were recorded in 
 Effect of the scan rate
The redox properties of the copper complex previously recorded with various scan rates (10-500 mVs -1 ) were studied (See Figure S4) . Therefore, the resulting voltammograms for the system Cu II /Cu I were recorded using glassy carbon electrode at different scan rates as early indicated. In this case, an increase of the intensities of i pa , i pc peaks with scan rates is observed in figure S4 C.
Obviously, the peak-to-peak separation values (ΔE p ) increase as the scan rates increase. These electrochemical studies are in perfect agreement with a quasi-reversible process since; a linear relationship was evidenced from the both cathodic and anodic peak currents, plotted versus the square root of the scan rate (v 1/2 , 10-500 mVs −1 ). This behavior is typical for an electron transfer process controlled by diffusion.
The Cyclic voltammograms show a well-defined redox couple corresponding to the Cu III /Cu II redox system (Figure S4 D and E) . The redox properties of this system were explored by varying the scan rate in the same range above mentioned (10-500 mVs -1 ) by using two different working electrodes such as glassy carbon and platinum disk. Similarly, these voltammograms showed a continuous increase for both anodic and the cathodic (i pa , i pc ) peak currents as the scan rate increase.
In this case, it is clearly noticed that the (ΔE p ) peak-to-peak separation values are relatively far to reach 60 mV. Therefore, this suggested that this redox system is not Nernstian [41] since, its i pa /i pc ratios are systematically higher than unity. These results coorroborate to the Cu III /Cu II redox couple which is in good accordance with a slow electrochemical process, governed by a diffusion regime respectively. In these two potential ranges, reduction processes were observed indicating that Co(II) complex was reduced into Co(I) species [43] . As it can be seen, this electrochemical process seems
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to be irreversible in DMF medium. This irreversibility is apparently imputable to the instability of the reduced species in the more cathodic potentials ( Fig. S5 A) . However, in the case of DMSO, the same redox system process becomes quasi-reversible (ΔE p= 160 mV) and the ratio i pa /i pc was found to be lower than the unity and equal to 0.6 ( Fig. S5 B) . In this case, a continuous increase of anodic and cathodic peak currents (i pa , i pc ) was observed with increasing of the scan rate (25-400 mV/s -1 ).
Moreover, it can also be noted that peak-to-peak separation values are relatively far to be approached 60 mV. Therefore, this redox system Co II /Co I corresponds to one-electron charge transfer not Nernstian since, its i pa /i pc ratios are systematically lower than unity indicating a slow electrochemical process usually governed by a diffusion regime.
 Iron complex
The Additionally, the evolution of the anodic and cathodic current peaks of this complex at different scan rates going from 25 to 400 mVs −1 have been analyzed as can be illustrated in (Fig. S5 C and D) . The separation between Ep values increase as the scan rate increases suggesting that this redox system is not Nernstian but, it is a quasi-reversible system. Also, there is a linear relationship between the cathodic and anodic peaks currents and the square root of the scan rate (v 1/2 ). This behavior is typical for an electron transfer process controlled by diffusion.
3.4.Visual color change in presence of different metal cations
The visual color change of the ligand (HL) solutions (10 -5 M). These solutions in AN and in MeOH were investigated in presence of various metal ions using 1:2 as molecular ratio: Na + , Fe 2+ , Al 3+ , K + , 
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11 conditions, only the addition of Fe 3+ and Fe 2+ ions causes a color change going from yellow to olive color. However, the addition of all the rest of ions above indicated do not give any change in color.
 UV-Vis spectral studies
The chemosensor behavior of our receptor ligand HL (10 -5 M) was investigated by monitoring the UV-Vis absorption experiments together with addition of various metal ions such as Na + , Fe 2+ , Al 3+ , K + , Cr 3+ , Mn 2+ , Fe 3+ , Co 2+ , Ni 2+ , Cu 2+ , Zn 2+ , Cd 2+ , Li + , Ba 2+ , Ca 2+ and Pb 2+ (10 -5 M) in 1:2 molar ratio in the same experimental conditions using two main solvents AN and MeOH (See Figs. 2 and   4 ).
In an acetonitrile solution, The UV-Vis spectrum of the free ligand HL shows two absorption bands at 298 and 426 nm. The first is ascribed to π-π* transitions while the second, is assignable to n-π* transitions of the Schiff base moieties. When the metal ions as Fe 3+ , Co 2+ , Cu 2+ and Fe 2+ are separately added to the same solution, new absorption peaks appeared showing clearly the complexation of the ligand to the ions newly introduced as is concisely exposed below:
1.
By adding 1.0 equiv. of Cu 2+ to the probe HL, a new broad absorption band centered at 460 nm was observed, while the band centered at 426 nm in the case of the free ligand has disappeared. Finally, the band centered at 298 nm exhibits a slight shifting to lower intensities suggesting the presence of a hypochromic effect.
2.
When 1.0 equiv. of Fe 2+ and Fe 3+ were added to the probe HL, a new broad absorption bands centered at 360 nm were also observed, while the bands centered at 426 nm disappeared. As the bands centered at 298 nm exhibit as well a slight shifting to the lower intensities inducing a hypochromic effect as early mentioned.
3.
The addition of 1.0 equiv. Co 2+ to the solution of HL is concerned, new wide absorption bands appearing as broads were observed. The first centered at 580 and the second at 680 nm.
However other wide bands where the first is centered at 426 while the second at 298 nm exhibited a slight shifting as well to the lower intensities confirming always a hypochromic effect. where its addition induced slight shifts in these bands. However, no new absorption band was observed in this case.
The binding ability of the ligand to coordinate metal ions depends on the size, the charge and the electronic configuration of the metal ion. The size, the charge and electron configuration of Cu(II), Fe(II), Fe(III) and Co(II) ions and the probe are very suitable to form a metal complex. These results imply that the probe HL develops an extraordinary selectivity towards these ions, and the experiments herein carried out demonstrate that this ligand could serve as a naked-eye probe for these ions, with the response time of color changes being measured in less than 3 seconds.
When adding various amounts of copper and cobalt ions to HL, the strong absorption band centered at 460 nm gradually increased. In the case of the cobalt ion, the main absorption bands at 580 and 680 nm progressively increased whereas the absorption bands at 426 of ligand decreased gradually with the increasing of Co(II) ion concentrations ( Fig. 3) . Color changes of chemosensor could be clearly observed via the successive addition of copper and cobalt ions (Fig. 3) . The huge potential of HL ligand, as a copper chemosensor, is therefore demonstrated by a linear increase in the absorbance observed at 680 nm with Cu addition with its controlled amounts varying from 0.1 to 1 equivalent (See Fig. 3 ).
«Insert Figure 2» «Insert Figure 3»
As for the methanolic solutions of these ions, we have examined the sensing ability of HL in the presence of the same variety of metal ions previously tested in acetonitrile. The receptor HL showed an instantaneous color change from yellow to olive in the successive presence of Fe 2+ and Fe 3+ (Fig. 4) . In addition to the color change, the addition of Fe 2+ and Fe 3+ to HL caused significant hypsochromic shifts of the band centered at 425 nm to a lower wavelength (360 nm). However, other species such as Na + , Al 3+ , K + , Cr 3+ , Mn 2+ , Co 2+ , Ni 2+ , Cu 2+ , Zn 2+ , Cd 2+ , Li + , Ba 2+ , Ca 2+ and Pb 2+ almost showed no change with the naked eye in the UV-Vis spectra under similar experimental conditions ( Fig. 4A) . When adding several amounts of Fe 3+ ions were added to a methanol solution containing the ligand HL, a strong absorption band centered at 365 nm gradually increased, while the main absorption band 710 nm decreased progressively with an increase of the Fe 3+ ions concentrations (Fig. 5B) . Again, HL ligand is seen as a promising chemosensor for Fe 3+ ions [45] , as manifested by the linear relationship between the iron concentration and its absorbance at 365 nm linearity (correlation coefficient is over 0.96) ( Fig. 6) , which probably support the 2:1 binding stoichiometry complexation between HL with Co 2+ and Fe 3+ , and the binding constants are found to be 5.09× 10 7 M -1 , and 4.54× 10 7 M -1 , respectively.
«Insert Figure 6»
So we can concluded that all the absorption spectra demonstrate that our receptor HL has shown high selectivity and sensitivity for its responsiveness towards Cu ‫+2‬ , Co ‫+2‬ , Fe 2+ and Fe 3+ among various other metal ions. These results revealed the remarkable differences in UV-Vis spectra of our receptor HL with these metal cations. This is due to the introduction of high rigidity in its coordination sphere avoiding any other complexation.
Conclusion
Throughout this study, a new bidentate Schiff base ligand HL that is derived from the condensation of 2,3-dihydroxybenzaldehyde and alkylamine with its Co(II), Cu(II) and Fe(II) complexes were prepared in a methanolic solution. These synthesized compounds were also characterized by fully physicochemical and spectroscopic methods such as the elemental analysis, FT-IR, 1 H NMR and the UV-Vis spectrophotometry. The electrochemical behavior of the copper complex was investigated via the cyclic voltammetry through the use of two different working electrode materials GC and Pt in DMF solutions. Two other complexes cobalt and iron were also studied in two different media like dimethyformamid and dimethylsulfoxide. Also, it was again demonstrated that the synthesized bidentate Schiff base ligand (HL) as simple chelate which is endowed with high performances conferring it better selectivity giving an efficient chemosensor able to coordinate a serial of metallic ions such as Cu 2+ , Co 2+ , Fe 2+ and Fe 3+ in two different media as Fig. 1 . Electronic spectra of the Schiff base ligand HL and its metal complexes at 25 °C in DMF medium. 
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